Introduction
Forming the metals by machining is the basis of the manufacturing sector. The low investment costs, the long service life of the machines and lathes, suitability of the processing parameters to optimization, and most importantly, the good surface quality and dimensions of the obtained products are some of the reasons for the preference of machining over the other production methods [1, 2] . There are many parameters that affect the surface roughness values, such as tool-material pair and cutting parameters. Surface roughness is defined as irregularities occurring on the surface of the machined material. It is usually shown by the symbols Ra (mean roughness) and Rz (height between the peak and the pit). For this reason, it is very important to optimize the processing parameters and to reveal the appropriate processing conditions [2] [3] [4] .
When the studies on the surface roughness in the literature are evaluated; In their study, Yang et al., investigated the test results obtained by using cutting parameters such as cutting speed, feed rate, and depth of cut for finish turning of Titanium alloy material with Response Surface Methodology (RSM) [5] . Selvaraj, effects of cutting parameters (cutting speed, feed rate and depth of cut) on the surface roughness were analyzed using Taguchi technique. The results revealed that the feed rate is the most important parameter affecting the surface roughness, followed by cutting speed and depth of cut [6] . Yan et al., investigated parametrically the effects of cutting speed, depth of cut, and cutting tool nose type in machining of hardened AISI H13 steel via numerical simulation [7] . Yücel and Günay optimized the cutting conditions for the average surface roughness and cutting force values in hard turning process. Hard turning experiments were designed with the Taguchi L18 orthogonal array [8] . Sahoo applied Taguchi and regression analysis on the surface roughness results in machining of hardened AISI D2 steel. The model prepared for the estimation of surface roughness was designed according to L27 orthogonal array [9] . Bouacha et al., conducted a study on the statistically analysis of surface roughness and cutting forces using RSM in hard turning of AISI 52100 bearing steel. The effect of cutting forces and cutting parameters affecting surface roughness was analysed by ANOVA [10] . Özlü et al., experimentally investigated the effects of cutting parameters of 30MnVS6 micro alloyed steel on surface roughness and cutting forces in CNC turning lathe [11] . Fnides et al. study to determine statistical models of surface roughness in turning hardened AISI H11 steel (50 HRC) with mixed ceramic tool [12] . Bouzid et al. analyzed the results of the effect of cutting speed, feed rate and depth of cut on the surface roughness [13] . Özcatalbas determined that the surface roughness decreased with increased cutting speed but stated that the increase of cutting speed had higher effect in low feed rates; whereas, the effect of cutting speed on surface roughness decreased with increasing feed rate [14] . Aouici et al., investigated experimentally the effect of cutting speed, feed rate, workpiece hardness and depth of cut on surface roughness and cutting force components in hard turning processes. The mathematical model of cutting force and surface roughness components was developed using RSM [15] . Motorcu used the response surface technique to investigate the effects of the cutting speed, feed rate, and depth of cut on surface roughness in turning of AISI 1050 carbon steel. The optimum cutting conditions for the desired surface roughness were defined. The feed rate was determined to be the most effective factor in the experimental results [16] . Makadia and Nanavati examined the effects of turning parameters (feed rate, tool tip radius, cutting speed, and depth of cut) on surface roughness of AISI 410 material. The effect of these parameters on surface roughness was investigated using RSM [17] .
In this study, the optimization of the cutting parameters (cutting speed, feed rate and depth of cut) was conducted by using Taguchi L27 Orthogonal array in order to investigate the effect of cutting parameters on the surface roughness in turning process of AISI 409 (ferritic chromium stainless steel) cylindrical material. By using Taguchi method, the cutting parameters giving optimum surface roughness (Ra and Rz) values were determined and the correlation between the parameters was investigated. The most effective parameter was determined for surface roughness. At the end of the present study, the tests were repeated and the deviations between Taguchi estimation and the estimation obtained from repeated tests were calculated.
Material and method
Experimental study was conducted to determine the effect of three cutting speeds (200, 300, and 400 m/min), three feed rates (0.1, 0.2, and 0.3 mm/rev) and three depths of cut (1, 2, and 3 mm) parameters on surface roughness (Ra and Rz) in the CNC turning lathe. In the study, AISI 409 material with the dimensions of Ø60x360 mm was used. Table 1 shows the chemical composition and mechanical properties of the materials used in the experimental study.
In this study, SPINNER-FANUC T800L brand CNC turning lathe was used. Technical specifications are 4000 rpm spindle, 15 kW (kilowatts) spindle motor power and 0.001 mm measurement accuracy. Before conducting the experimental study, parameter and axis settings of the lathe were controlled and necessary adjustments were made. Fig. 1 shows the flowchart used for the realization of the experiments. In the study, VBMT 100204 P type inserts in IC 907 quality were preferred. Cutting tool catalogue was used to determine the cutting parameters of the tools. Prior to the experiment, a preliminary evaluation opportunity was allowed for the cutting parameters that were used for the cuttings made in the catalogue values. Coolant was not used in the study.
In the experimental study, the effect of independent variables (cutting speed, feed rate, and depth of cut) on the dependent variable (surface roughness) was investigated using Taguchi technique. Table 2 shows the cutting parameters used. The effect sizes of the variables on Ra and Rz were determined by applying Analysis of Variance (ANOVA) to the experimental results at 95% confidence interval. Experimental design and statistical analysis conducted according to Taguchi method were performed using Minitab 16 software.
In this study, Taguchi method was used as experimental design and analysis method. A statistical performance measure known as the S/N ratio is used to analyse the experimental results. The results obtained from the experiments are evaluated by converting them into signal-to-noise ratio (S/N). In S/N ratio, S refers to signal factor and N refers to the noise factor. The signal factor refers to the actual value taken from the system and the noise factor refers to the factors that cannot be included in the experimental design but affect the experimental result. In the calculation of S/N ratios, the methods of the nominal is best, the larger is better and the smaller is better are used depending on the characteristic type. Since the surface roughness value was desired to be the smallest in order to determine the S/N values in this study, the formula corresponding to the principle of "the smaller is better" given in Eq. (1) was used [18] [19] [20] [21] . . Feed rate, f 0,1 0,2 0,3
Depth of cut, ap 1 2 3
In order to investigate the effect of cutting parameters on surface roughness (Ra and Rz), Taguchi L27 (3 3 ) experimental setup was prepared (3 trials for each experiment: 27 × 3 = 81 experiments).
RSM is an effective technique in which several input variables may affect some performance criteria or quality characteristics and are useful for finding the most appropriate point for many variables. The purpose of the response surface analysis is to determine the global optimization of the process parameter. The main objective in this technique is to optimize the response surface affected by various process parameters [22] .
After the experiments, Mahr MarSurf PS 10 device was used to measure the surface roughness values of the machined surfaces. The cutting length was chosen as 0.8 mm and the measuring ranges as 4.8 mm was used to take surface roughness measurements. It was realized by conducting measurements with 10 mm intervals from three points on the surface of the machined work piece. Values were taken from the highest point of the measurement probe on the piece. The surface roughness values were obtained by taking the arithmetic average of the values after the measurements.
Results and analysis
In the Taguchi method, S/N ratios and level values were calculated by using the S/N equation of "the smaller is better" in optimum cutting conditions required for the best surface roughness. Table 3 shows the S/N ratios obtained according to the result of this equation. In this study, the correlation between the parameters such as V, f and ap with Ra and Rz was analysed by the Taguchi orthogonal array. The experimental results and S/N ratios corresponding to Ra and Rz values were obtained. Tables 4 and 5,  respectively. When Tables 4 and 5 were examined, it was determined that the most effective parameter among the factors was the f. It was also observed that the ap and V changes had a significant effect on Ra and Rz.
They show the S/N ratio at each level of the cutting factors and how each cutting factor changes when the settings change from one level to another. The effect of each cutting factor can be predetermined more clearly by response graphs ( Fig. 2 and 3 , respectively).
When Fig. 2 and Fig. 3 were examined, it was seen that level 3 of the V, level 2 of the ap and level 2 of the f were the effective parameters for surface roughness in the experimental study. The optimal cutting parameters for Ra and Rz surface roughness were V3ap2f2 (V3=400 m/min, ap2=2 mm, f2= 0,2 mm/rev). Table 4 Response Table 5 Response The effect of cutting parameters on surface roughness (Ra) is given in 3D surface graphs in Fig. 4 . It showed the effect of V-f, V-ap and f-ap cutting parameters on Ra. When Fig. 4 , a was examined, it was determined that the Ra value decreased as the V increased in parallel with the literature. Fig. 4, b shows the effect of the V and ap on the Ra. It was seen that the Ra value decreased as the ap increased. When the correlation between the f and ap in Fig. 4 , c was examined, it was determined that as the f increased, Ra value increased; whereas, as the ap increases, the Ra value decreased.
Therefore, it was determined that there was a direct correlation between Ra and f. This result supports the evaluation made according to S/N ratios and is in parallel with the theoretical formula (Ra=0.321f 2 /R) pointing out that the surface roughness value will increase proportionally with the square of f.
The Ra value decreased with increasing ap. It is not usually seen in the literature. The reason for this is that as the ap increases, the heat caused by friction between the tool and the workpiece will increase and the temperature of the material will increase. Therefore, it is thought that the tool will be able to remove chips from the heated material and Ra value will decrease. It was reported that the permanent stresses forming during the machining of the steel had a significant effect on Ra. It is known that the temperature in the cutting zone increases as the f increases and the resulting heat is concentrated on the tool-chip and tool work piece interface due to the low thermal conductivity of the stainless steel [23] [24] [25] . In this context, it is an expected result that as the f increases, permanent stresses on the machined surface increase and there is an increase in Ra values. Fig. 5 shows the effect of V, f and ap on Rz. Fig. 5 , a shows the effect of V and f, Fig. 5, b shows the V and ap and Fig. 5 , c shows the correlation between the f and ap. The surface roughness (Rz) decreases as V and ap increase and it tends to increase as f increases.
The contour plot shown in Fig. 6 shows the correlation between the depth of cut and the cutting speed. The light regions in the plot indicated that the surface roughness deteriorated due to the cutting conditions and the dark regions show that the Ra improved. Using the plot, the most suitable cutting parameters for Ra can be determined.
It was observed that the best Ra value was below <2 µm in 300 m/min and 400 m/min V and between 2 mm and 3 mm ap. It was understood from the Figure that the maximum Ra was between 4-5 µm in the range of 1 mm and 1.4 mm ap and in increasing V. The contour plot in Fig. 6, b shows the effect of the V and f parameters on the Ra. The dark coloured parts on the figure show the region where the Ra value was the best (<2 µm) and green coloured areas show the parts with the highest surface roughness (5-6 µm).
When the correlation between the ap and f in Fig. 6 , c was examined, it was observed that the Ra values were the lowest (<2 µm) in the regions cut with 0.16 mm/rev and 0.27 mm/rev f and 1.7 mm and 3 mm ap. On the other hand, the Ra values were the highest in the 0.22 mm/rev f and 1.5 mm ap. Tables 6 and 7 show the analysis of variance (ANOVA) values of the S/N ratios of the surface roughness values (Ra and Rz). When Table 6 was examined, it was determined that V, ap and f values were significant in terms of p significance value (p<0.05). From V, ap and f interactions, V*ap and ap*f were significant in terms of p<0.05 value, V*f interaction was insignificant due to p<0.05 value. The highest contribution of V, ap, and f cutting parameters for Ra value was found to be the f with the value of 28.03%. It was determined that the ap and V parameters contributed by 5.53% and 1.72%, respectively. It was also observed that among the independent variables, the interaction between ap and f was effective by 62.36%, V and ap were effective by 1.07% and f was effective by 0.30%. When Table 7 is examined, the most contribution among the cutting parameters was seen to be f by the rate of 24.06%. When the interactions between the parameters were examined, it was determined that ap*f interaction was effective by 63.49%. In terms of F value, it was determined that f value was 76.65 and ap*f interaction was 101.14. In terms of p significance value (p<0.05), it was found that V*f interaction was not significant, other parameters (V, ap, and f) and their interactions (V*ap and ap*f) were significant.
Figs. 8 and 9 shows residual graphs of the model developed for cutting parameters in turning operation in order to check adequacy. When the distributions were normal, the normal plot of residual gave residual values versus their expected values. The normal graph of the remaining residues showed that the data complied with the sample size rules and confidence intervals on the straight line, and that the p values were correct. Ideally for the remaining and installed plots, all points should fall randomly on both sides of the zero as in the recognizable pattern. Figs. 8 and 9 clearly show that all points are placed on both sides of zero and no unstable variance or contradiction is observed [22, 23] . He confirmed that the residues were randomly distributed with constant variances. The order versus residue graph showed the order in which the data was collected and the patterns during the observation and at the points. Ideally, the residue remaining on the plot should fall randomly around the center line. Fig.  8 and 9 clearly show that residues close to each other are correlated and therefore not independent. Fig. 10 show the comparative plot of the results of the simulation surface roughness (Ra and Rz) obtained by the Taguchi technique and the experimental results. When the figure was examined, the experimental and simulation results were observed to be compatible with each other.
The relationship between surface roughness and machining parameters such as V, f, and ap for the second order response surface model was developed using RSM from the data observed in uncoded units as follows. The predicted actual uncoded factors, i.e., Ra and Rz was calculated using Eqs. (2) and (3) and plotted in Fig. 10 . The maximum error for Ra and Rz of 12.082% and 11.891% of surface roughness was observed between the simulated and experimental results respectively are tabulated in Table 8 . Ra 
Fig. 8 Residual plots of model for Ra
Using Taguchi optimization method, the optimum results of Ra and Rz values were obtained in the experimental study and the percentage distributions of the parameters affecting the result were determined by ANOVA analysis. The final step of the optimization process is carrying out the validation tests and testing the validation of the optimization process. As a result of the Taguchi optimization, while the parameter group giving the optimal surface roughness value could be any of the existing tests, sometimes it may be a test other than the experimental tests. In the study, the optimal result for the surface roughness was obtained in V2ap2f2 experimental conditions from the current tests. When the Ra and Rz values in Table 9 were compared, it was observed that high convergence values of Ra 86.18% and Rz 99.37% were obtained. In this context, it is noteworthy that the difference between the results obtained from the Taguchi approach and the validation test results is negligible. Fig. 9 Residual plots of model for Rz 
Conclusion
In this study, Ra and Rz values were analysed in terms of cutting parameters using Taguchi experimental design for the optimization of turning process. The results obtained in the study were given below.
 According to the variance analysis of S/N ratios, the importance order of the variables affecting the Ra and Rz was determined as f, ap and V, respectively.  It was observed that the Ra and Rz value of the work piece increased as the f increased. It showed a decreasing trend with increasing V. Better surface quality was obtained at low f. This is compatible with the studies in the literature.  Optimum machining parameters giving the lowest surface roughness (Ra=1.370 µm and Rz=7.332 µm) values in the optimization conducted with the help of S/N analysis were found to be 400 m/min V, 2 mm ap and 0.2 mm/rev f.  The prediction models deduced for the components of the surface roughness are in very good agreement with values obtained experimentally.  As a result of validation tests, high convergence values of Ra (86.18%) and Rz (99.37%) were determined.  It was determined according to ANOVA results that the most effective parameter on the surface roughness was f; whereas, the interaction of ap and f had a high contribution to the experimental results.
